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1. INTRODUCTION

This report was developed as part of the Rockaway Delivery Lateral Project (Project). The
Project involves offshore construction of a 26-inch diameter natural gas pipeline
(Rockaway Delivery Lateral). Rockaway Delivery Lateral would extend approximately
3.20 miles from a proposed offshore interconnect with Transco’s existing 26-inch diameter
Lower New York Bay Lateral (LNYBL) in the Atlantic Ocean to an onshore delivery point
for the National Grid pipeline system on the Rockaway Peninsula in Queens County,
New York. Hydrodynamic and sediment transport simulations were developed to help
assess potential impacts of project construction.

The ECOM (Estuarine, Coastal, and Ocean Model) framework was used to develop a
hydrodynamic and sediment transport model to evaluate potential impacts of pipeline
installation and burial in the seabed along the preferred route. When used with its
integrated sediment transport module (SEDZL]J), ECOM is also known as ECOMSED.
ECOM has a long history of development and application to the New York Bight area and
has been used to support regulatory decision-making. Previous ECOM applications with
hydrodynamic and sediment transport simulations in the area of the proposed pipeline
route include the System-Wide Eutrophication Model (SWEM) (HQI, 1999a-f; HQI, 2002),
Contaminant Assessment and Reduction Project (CARP) (HQI, 2007), Harbor Toxics and
Nutrients Total Maximum Daily Load (TMDL) efforts and Lower Passaic River/Newark
Bay (LPR/NB) Superfund efforts for the U.S. Environmental Protection Agency (USEPA).!
Each of these models includes the New York (Mid-Atlantic) Bight area around Long
Island as well as New York-New Jersey Harbor because of complex flow interactions that
occur as freshwater from the Hudson River, Raritan River and other sources, mix and are
influenced by ocean currents and tides.

Model parameters (e.g., bottom roughness, sediment grain size distributions, particle
diameters, etc.) were assigned or calibrated based on field measurements and other site
data. Model results were compared to site data to assess model reliability. Potential
impacts of pipeline installation along the proposed route were evaluated by simulating
sediment releases during construction and determining;:

e sediment plume areal extent in the water column and duration over time;
e areal extent and depth of sediment deposition attributable to construction;
e anticipated rate of pipeline burial by periodic sediment transport processes.

1 Harbor Toxics and Nutrient TMDL and LPR/NB efforts are ongoing projects and reports related
to those efforts are not yet publically available.
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Modeling efforts examine sediment releases from construction activities and alternatives
that include:

(1) hydraulic jetting of sediments along the pipeline route (jet sled) for “worst case”
conditions;

(2) hydraulic jetting of sediments along the pipeline route (jet sled) for “typical”
conditions;

(3) mechanical plowing of sediments along the pipeline route (mechanical plow) for
“worst case” conditions;

(4) mechanical plowing of sediments along the pipeline route (mechanical plow) for
typical conditions;

(5) mechanical (clamshell) dredging of sediments along the pipeline route;

(6) hand jetting of sediments at the site where the existing main will be tapped to
connect to submarine portion of the lateral;

(7) mechanical (clamshell) dredging at the site of a pit where the submarine portion of
the pipeline will connect to pipeline sections that will be installed by horizontal
directional drilling (HDD);
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2. HYDRODYNAMIC AND SEDIMENT TRANSPORT
MODEL THEORY

A three-dimensional (3-D) hydrodynamic model for the Rockway pipeline areas was
constructed using the ECOM (Estuarine, Coastal, and Ocean Model) framework (HQI,
2010). ECOM is the hydrodynamic module of the framework and SEDZL] (Jones and Lick,
2001; James et al. 2010) is its integrated sediment transport module. When used with its
sediment transport module, ECOM is also known as ECOMSED. For simplicity, the
acronym ECOM is used hereafter to describe the model and its hydrodynamic and
sediment transport modules.

ECOM has been successfully applied to rivers, lakes, estuaries, coastal and ocean areas
worldwide and its predictive capabilities have been assessed through extensive
comparisons with data to demonstrate that the model represents the predominant physics
of different water bodies in a realistic manner. These applications include: Delaware
River, Delaware Bay, and adjacent continental shelf (Galperin and Mellor, 1990a,b,c),
South Atlantic Bight (Blumberg and Mellor, 1983), Hudson-Raritan estuary (Oey et al.,
1985a,b), Gulf of Mexico (Blumberg and Mellor, 1985), Chesapeake Bay (Blumberg and
Goodrich 1990), Massachusetts Bay (Blumberg et al., 1993), St. Andrew Bay (Blumberg
and Kim, 2000), New York Harbor and Bight (Blumberg et al., 1999), Onondaga Lake
(Ahsan and Blumberg, 1999), Lake Michigan (Schwab et al., 1999), Lake Pontchartrain
(Signell and List, 1997), Green Bay (HQI, 2001), and Lake Ontario (HQI, 2005 and 2008).

ECOM uses a conformal curvilinear coordinate system with variable grid resolution. Fine
spatial (horizontal) resolution can be achieved by using a smaller model grid size in areas
of special interest or concern. In the vertical direction, the model uses a transformed
o-coordinate system, which allows it to follow changes in bottom topography and surface
elevation and to resolve associated vertical currents. The model solves coupled three-
dimensional advection-diffusion equations for water mass, momentum, heat, and salinity
and employs a two-equation turbulent-closure scheme (Blumberg and Mellor, 1987;
Galerpin et al., 1988; Mellor and Yamada, 1982) to provide realistic representation of
vertical mixing processes. ECOM can be used as a stand-alone hydrodynamic model or in
conjunction with its integrated sediment transport model to simulate erosion, deposition,
and transport of cohesive and non-cohesive sediments.

2.1. HYDRODYNAMICS

Currents and tides move water (fluid) and transport sediments in the water column and
sediment bed. Water movement is also influenced by meteorological conditions and also
temperature and salinity differences. As water flows, it is subject to frictional resistance
(drag) along boundaries (surfaces) of all material it passes. The balance between gravity
and drag forces along the flow path determines the velocity and depth of flow. The force
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that flowing water exerts on the sediment bed is described in terms of the shear stress.
The hydrodynamic module in ECOM is used to simulate water velocities, depths, and
shear stresses. Velocities and shear stresses are used in sediment transport calculations to
determine plume extents from pipeline installation.

The governing equations for hydrodynamics are:
Conservation of Mass (Continuity): Fluid

ou oV ow
+—t =

oy Ler L9 (2-1)
ox Oy Oz

Conservation of Momentum: Fluid

aU+UaU+VaU+WaU—ﬂ/:—ia—P+£[KM8—Uj+FX (2-2)
ot ox oy oz P, Ox Oz oz
a_V+Va_V+Va_V+Wa_V_fU:—ia_P_FE(KMa_Vj_FFy (2_3)
ot ox oy oz p, OV Oz oz
oP
pg=—"" (2-4)
0z
Conservation of Mass (Continuity): Temperature
a—T+U6—TJrl/a—T+Wa—T=2 KHa—Tj F, (2-5)
ot Ox oy 0z Oz oz
Conservation of Mass (Continuity): Salinity
§+U§+V§+W§=E(KHQJ+FS (2-6)
ot ox oy 0z Oz 0z
where:
U V,W = mean (Reynolds-average) velocities in the x, y, and z directions,

respectively [L T-]
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éqw*h%b‘QCnﬂ

z

F., Fy

Fr, Fs

= temperature [0] 2

= salinity [dimensionless] (e.g., parts per thousand)

= reference density of water [M L]

= local density of water [M L]

= gravitational acceleration [L T]

= Coriolis parameter [T-];

= pressure [M L1 T7]

= vertical eddy viscosity for fluid [L? T-]

= vertical eddy diffusivity for temperature and salinity [L? T-']

= horizontal diffusion of momentum in the x- and y-directions,

respectively [L2 T"]

= horizontal diffusion of temperature and salinity, respectively

[0 T, T-]

Horizontal diffusion terms represent small (sub-grid) scale processes not directly resolved
by the model grid and are expressed in a form analogous to molecular diffusion:

F =—

Fy =
F, =
F, =

where:

Awm =

An =

[
2443

(zAM a_U)A{AM(a_Uﬁ_Vﬂ o)
ox oy oy Ox

2[2a, %]q%(@ﬂﬂ 29
y oy ) ox oy Ox

4\ @jﬁ@,{(a_fﬂ 29
x ) Oy oy

(2-10)

horizontal eddy viscosity [L? T-!]
horizontal eddy diffusivity [L2 T]

2 The symbol 6 is used to represent fundamental units of temperature in the LTMO system (see
Dingman, 2002). 6 indicates degree and 0! indicates degree.
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In developing these equations, two simplifying assumptions were made: (1) the weight of
the fluid identically balances the pressure (hydrostatic pressure assumption); and (2)
density differences are negligible unless those differences are multiplied by the
gravitational acceleration (Boussinesq approximation). As implemented in the model,
these equations are transformed into a terrain-following, sigma (o)-level coordinate
system in the vertical direction and an orthogonal, curvilinear coordinate system in the
horizontal direction as described by HQI (2010).

The governing equations contain Reynolds stress and flux terms that account for
turbulent diffusion of momentum as expressed by eddy viscosity. The turbulence closure
approach of Mellor and Yamada (1982) is used to solve these equations. Turbulent mixing
terms (Kum) in the governing equations also occur in relationships between velocity
gradients (0U/0z and 0V/0z) and shear stresses at the air-water and sediment-water
interfaces (boundaries conditions). Shear stress at the sediment-water interface depends
on a drag coefficient that relates surface roughness to velocity gradients at the bottom of
the water column. Drag coefficients are determined using a logarithmic velocity profile to
describe how velocities change near a boundary using the following relationship:

C, = {l ln[iﬂ (2-11)
Kk |z,

where:
Cp = coefficient of drag [dimensionless]
K = von Karman constant = 0.4 [dimensionless]
z = height above the sediment bed [L]
20 = hydrodynamic roughness height of the sediment bed [L]

The height above the sediment bed (z) used in the logarithmic velocity profile is termed
the matching height. Operationally, the matching height is equal one half the thickness of
the bottom layer of water in the model. When 10 sigma-layers are used in the model, each
water column layer is one tenth (10%) of the total water depth and the matching height is
one twentieth (5%) of the water depth. As total water depth increases, hydrodynamic
drag on the water column will decrease to a minimum value (Cpmin). Operationally, the
minimum drag coefficient is in the range of 0.0025 to 0.003 and is used as a floor function
(i.e., Cp can never be less than Comin). If the drag coefficient value calculated using
Equation 2-11 is less than Comin, Cp is set equal to the minimum value. In practical terms,
drag coefficients will be set equal to minimum values when water depth is greater than
approximately 1.5 meters (5 feet).
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Using this approach, the primary model calibration parameters for hydrodynamics are
hydrodynamic roughness height, zo, and minimum coefficient of drag (Cp,min). Principal
outputs of the hydrodynamic model are water velocities in the x, y, and z directions,
water depths (water surface elevations), and total hydrodynamic shear stresses at the
sediment-water interface. Further descriptions of shear stress are provided in the
description of the sediment transport model and Appendix A.

2.2. SEDIMENT TRANSPORT

In the water column, particles are transported by advection (movement with currents)
and can be exchanged between the sediment bed and water column by erosion and
deposition. Particles may be transported as suspended load (fully entrained in the water
column) or as bedload (in contact with the bed). Sediment behavior can be classified
across a continuum from cohesive to non-cohesive. Cohesive sediments are typically
described in terms of aggregate properties (i.e., properties of the sediment as a whole)
because of the tendency of individual sediment grains to aggregate and flocculate in the
water column and exhibit erosional resistance in the sediment bed. Non-cohesive
sediments are described in terms of the properties of individual grains because the
individual grains comprising the sediment mixture do not flocculate in the water column
and do not exhibit erosional resistance beyond that attributable to individual grains. For
application to Rockaway pipeline, model development focuses on non-cohesive sediment
because the seabed along the proposed pipeline route is largely comprised of sands with a
small amount of silt.

2.21. Shear Stress Partitioning and Surface Drag

The shear stress at the sediment-water interface generated by water flowing over the bed
surface is a primary determinant of the extent to which materials settling out of the water
column are deposited on the bed or are eroded from it and whether particles in motion
are transported as suspended load or bed load. Near the bed, vertical velocity gradients
exist because water velocities decrease and typically diminish to zero at the sediment-
water interface. Vertical velocity gradients generate shear stresses that act on the bed.
Very close to the bed, at scales that typically range from a few particle diameters to the
length of bedforms (e.g., ripples and dunes), the total (hydrodynamic) bed shear stress
can be separated (partitioned) into two components: (1) surface drag, and (2) form drag.
The relationship between total shear stress and its components is:

T,=T,+7,; (2-12)
where:

T = total (hydrodynamic) bed shear stress [M L T-?]
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Tg surface drag (“grain-related”) shear stress [M L T-?]

Tf form drag shear stress [M L T-]

Surface drag acts to initiate particle movement off the bed surface, through the bottom
boundary layer, and into the main body of the flow. The surface drag component of total
bed shear stress is often termed “grain-related” or “grain” shear stress or “skin friction”.
A more detailed description of the process used to separate total hydrodynamic shear
stress into surface drag and form drag components is presented in Appendix A.

2.2.2. Erosion

Erosion is the process by which particles at rest in the sediment bed are set into motion.
Rates at which sediments erode vary widely because sediment characteristics vary by
location and also with depth in the sediment bed. Erosion rates for cohesive sediments are
highly variable and generally must be determined from site-specific flume studies. Rates
for non-cohesive sediment vary with composition (i.e., grain size distribution) and can be
estimated from tabulated results of laboratory flume studies. SEDZL] (Jones and Lick,
2001; Scott et. al. 2010) is designed to use erosion rate measurements performed using the
SEDFLUME device. SEDFLUME measurements for cohesive sediments are illustrated by
McNeil et al. (1996) and Jepsen et al. (1997, 2000). SEDFLUME and similar measurements
for non-cohesive sediments are illustrated by Roberts et al. (1998, 2003).

With the SEDZL] framework, erosion rates at known shear stress levels and depths in the
sediment bed are tabulated based on SEDFLUME measurements. Erosion rates at shear
stresses and depths between measured values are estimated by interpolating between
pairs of measured values as follows:

T,0—T T,-7
Ez,)= (qum + (MJEW (2-13)

T +1 _Tm

m m+1 m
D, -D D
n[E(D)]=| 2—= |in[E" |+ | = |in[E""] (2-14)
DO DO
where:
E(tg) = erosion at a grain-related shear stress equal to 7, [L T"]
Ty = grain-related shear stress [M L T-?]
Tme1 = measured grain-related shear stress greater than g [M L T-?]
Tm = measured grain-related shear stress less than 7; [M L T-]
En = measured erosion at a measured grain-related shear stress 7m [L T-]
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Ena = measured erosion at a measured grain-related shear stress Tm+ [L T-]
E(D) = erosion rate at a depth in the sediment bed equal to D [L T-]

D = depth in the sediment bed within sediment layer # [L]

Do = initial thickness of sediment layer n prior to erosion [L]

Er = measured erosion at the top of sediment layer n [L T-]

Ewt = measured erosion at the top of sediment layer n+1 (i.e., measured rate

at the bottom of sediment layer ) [L T-]

Equations (2-13) and (2-14) are used to express erosion rate variation as a function of both
shear stress and depth in the sediment bed.

Erosion occurs when grain shear stress at the sediment surface exceeds the critical shear
stress for erosion (i.e. the incipient motion threshold), 7. For cohesive sediments, T is
generally determined from site-specific measurements. For non-cohesive sediments, Tc
can be estimated from grain size using the Shields (1936) curve as described in standard
references (see Julien, 1998). Formulae by van Rijn (1984a), Soulsby (1997), or Guo (2002)
provide algebraic approximations to the Shields curve. The formula of Guo (2002) is:

0.85
7. =(G,-1)p,gd, 023 0,054 1-exp| - & (2-15)
d. 23
-3
G, -1
d.=d, {(”—z)g} (2-16)
1%
where:
Te = critical shear stress for erosion [M L1 T2]
G = sediment particle specific gravity = 2.65 [dimensionless]
P = fluid density = 1000 kg/m? (= 1025 kg/m? for seawater) [M L]
g = gravitational acceleration = 9.81 m/s [L T*]
dp = sediment particle diameter [L]
d- = dimensionless particle diameter [dimensionless]
v = kinematic viscosity [L? T]

Equation (2-15) is applicable to non-cohesive sediments and the subscript p is used to
denote properties of individual types of grains (particles) in the sediment bed. When
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using SEDFLUME measurements, the onset of erosion is operationally defined as the
shear stress at which erosion occurs at a rate of 10 cm/s.

2.2.3. Bedload and Suspended Load Transport

Two distinct modes of sediment transport occur: (i) bedload, and (ii) suspended load.
During bedload transport, particles move by rolling, sliding, or saltation in a thin layer in
contact with the bed surface. During suspended transport, particles are fully entrained in
the water column and do not have contact with the bed. Cohesive particles are not
typically transported as bedload because they are often very small in size and readily
entrained into the water column. Non-cohesive sediments usually span a wide range of
particle sizes and can be transported as bedload, suspended load, or a combination of the
two.

When shear stresses acting on the bed surface are less than the critical shear stress for
erosion (7e«), sediment particles on the bed surface will be stationary. When shear stresses
on the bed exceed the critical shear stress for erosion (7.) but are less than the critical
shear stress for suspension (7), sediment particles will be transported as bedload. When
shear stresses on the bed exceed the critical shear stress for suspension, some or all of the
sediment in motion will be entrained and transported as suspended load. The fraction of
sediment transported as bedload or suspended load are determined as (van Rijn, 1984a-c;
van Rijn, 1993; Jones and Lick, 2001; James et al. 2010):

0 for t, <7,

fo = ‘ (2-17)
1_‘fSL fOV Tg>7’-cs
0 for T, <7,

- In(u. / Ws)_ln(m / WS) for t,>7, and u./w <4 (2-18)
In(4)—- ln(m / Wy )

1 for t,>7, and u./w >4
4 2
w
s or d, <400 um

T, = p W( d. ) for a (2-19)

P, (0.4WS )2 Jor d,>400 um

where:

foo = fraction of sediment transported as bedload [dimensionless]
foo = fraction of sediment transported as suspended load [dimensionless]
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Ty = surface drag (grain-related) component of total shear stress

Tee = critical shear stress for erosion [M L T?]

Tes = critical shear stress for suspension [M L T-]

U = surface drag (grain-related) component of total shear velocity [L T-]
ws = particle settling velocity [L T]

P = fluid density = 1000 kg/m? (= 1025 kg/m? for seawater) [M L]

d- = dimensionless particle diameter [dimensionless]

dp = sediment particle diameter [L]

For non-cohesive sediments, Equations (2-17) through (2-19) are used for each particle
type in combination with the particle grain size distribution to express the erosion flux of
sediment by grain size that is transported by bedload and suspended load as a function of
the bottom shear stress.

2.24. Settling and Deposition

Sediment particles in the water column move downward (i.e., settle) under the force of
gravity and may be deposited on the bed surface depending on shear stress conditions.
The effective setting velocity of a particle is a function of its settling characteristics under
quiescent conditions and probability of deposition (i.e., likelihood that a particle will
come to rest on the bed surface). Cohesive and non-cohesive particles types have different
setting and deposition characteristics. Descriptions of cohesive sediment behavior are
presented by HQI (2010), and other references (e.g., van Rijn, 1993; Winterwerp and van
Kesteren, 2004). The model development that follows focuses on non-cohesive sediment
because the seabed along the proposed route for Rockaway pipeline is largely comprised
of non-cohesive sands with a small amount of silt.

The effective settling velocity of a particle is computed as:

w,=w, P (2-20)

where:

W, = effective settling velocity [L T-]
w;, = quiescent settling velocity [L T-']
Py, = probability of deposition [dimensionless]
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For natural non-cohesive particles, quiescent settling velocities are determined using the
formula of Cheng (1997):

w, =2 |25+1.24.2)" - 5} (2-21)
p
where:
w,, = quiescent settling velocity [L T-']
Y = kinematic viscosity of water [L2 T"]
dp = sediment particle diameter [L]
d = dimensionless particle diameter [dimensionless]

As a result of turbulence and other factors, not all particles settling through a column of
flowing water necessarily reach the sediment-water interface or are incorporated into the
bed. The effective settling velocity of a particle is described as a reduction in the quiescent
settling velocity by a probability of deposition. Probability of deposition varies with
particle size and shear stress near the sediment bed. As particle size decreases or shear
stress increases, probability of deposition decreases. For non-cohesive particles,
probability of deposition has been described as a function of bottom shear stress and
critical shear stress for deposition (Gessler, 1965; Gessler 1967; Gessler, 1971):

L7 g5
P, =P= wors [eax (2-22)
1
Y= _(Ld - 1) (2-23)
o\t
where:
p = probability integral for the Gaussian distribution
o = experimentally determined constant = 0.57
T, = surface (grain-related) component of total shear stress [M L T-?]
Ted = critical shear stress for deposition, defined as the shear stress at which

50% of particles deposit (or erode) = t.. [M L T?]

For non-cohesive particles, the definition of critical shear stress for deposition is the point
at which 50% of particles of a specified type will deposit to the bed (with the other 50%
remaining in transport. For all practical purposes, this is identical to the definition of
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critical shear stress for erosion, which is the shear stress at which 50% of particles will
start to move, with the other 50% remaining at rest on the bed surface. Thus, t« equals Te.
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3. MODEL APPLICATION FOR ROCKAWAY PIPELINE

The ECOM framework was applied to the coastal ocean area of the New York Bight in the
region of the proposed Rockaway pipeline south of Long Island. The model includes the
area near the proposed pipeline route as well as large portions of the New York-New
Jersey Harbor because of complex flow interactions that occur as freshwater from the
Hudson River, Raritan River and other sources, mix and are influenced by ocean currents
and tides. ECOM was used to perform hydrodynamic and sediment transport calculations
to simulate anticipated changes in environmental conditions generated by trenching
operations during pipeline installation. Model results were used to evaluate:

e Suspended sediment concentrations, spatial extent, and temporal duration of
plumes generated during pipeline construction;

e Deposited sediment spatial extent and depth of accumulation on the sea bed
following pipeline construction;

e Natural rates of sediment accumulation in the construction area and expected time
required to bury the pipeline.

Model results are expected to provide reliable estimates of site conditions because model
set-up and parameterization are based on site-specific information and fundamental,
principles such conservation of mass and other physically-based constraints. In addition,
ECOM has a long history of development and application to the New York Bight area and
has been used to support regulatory decision-making. Previous ECOM applications with
hydrodynamic and sediment transport simulations in the area of the proposed pipeline
route include the System-Wide Eutrophication Model (SWEM) (HQI, 1999a-f; HQI, 2002),
Contaminant Assessment and Reduction Project (CARP) (HQI, 2007), Harbor Toxics and
Nutrients Total Maximum Daily Load (TMDL) efforts and Lower Passaic River/Newark
Bay (LPR/NB) Superfund efforts for the U.S. Environmental Protection Agency (USEPA).
Model set-up and parameterization for the application to Rockaway pipeline was derived
from the most recent generation of modeling work performed for USEPA as part of
LPR/NB Superfund efforts.

3.1. MODEL GRID

Three-dimensional (3D) hydrodynamic and sediment transport simulations were
performed for a wide area surrounding the pipeline preferred route. Model calculations
for these simulations were performed using a spatially-variable network of segments (i.e.,
“grid cells”). The collection of grid cells representing the study area around the pipeline
route is termed the model grid. The area represented by the model grid is termed the
model domain. Cells comprising the grid are larger in distant areas and gradually become
much smaller so that individual grid are approximately 150 meters long (parallel to the
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pipeline) and 50 meters wide (perpendicular to the pipeline) in the area near the pipeline.
The model grid used for the pipeline project was derived from ongoing efforts to model
hydrodynamics, sediment transport, and contaminant transport and fate for LPR/NB
Superfund efforts for USEPA. The pipeline evaluation model grid is “nested down” to a
much finer scale than the LPR/NB model grid. An overview of the pipeline model grid is
presented in Figure 1.

3.2. MODEL SET-UP AND CALIBRATION

Model set-up and calibration was performed for a 60 day period during July-August,
2009. This timeframe was selected because site-specific data for the pipeline area and
other portions of the model domain were collected during this period. Measurements
used for model set-up and calibration include current velocities, water surface elevations
(depth), water temperature, salinity, freshwater inflows, and meteorological conditions.
Model initial conditions and inputs for open ocean boundaries along the southern and
eastern edges of the pipeline model domain were obtained from results of LPR/NB model
simulations performed for USEPA for the July-August 2009 period.

Water surface elevations along open ocean boundaries in the model were calculated using
the inverted Reid and Bodine option (HQI, 2010). This option improves model stability by
allowing long waves to pass through model boundaries (i.e., it minimizes the potential for
uncertainty in specified boundary conditions to generate unrealistic water surface
elevations and cause numerical instability). Parameters for minimum coefficient of drag
(Cpmin) and hydrodynamic roughness height of the sediment bed (z0) were calibrated to
achieve the best agreement between model results and site-specific measurements. Values
for these parameters were set equal to their values as assigned in LPR/NB model a efforts.
As part of calibration, a series of exploratory simulations were performed to evaluate
model response to a range of values for Comin and zo. These simulations show that model
results are not materially affected by changes in zo because water depths in nearly all the
model domain exceed the depth where the model uses the minimum drag coefficient
value to perform calculations (i.e., nearly all water surface calculations in the model end
up being calculated using Co,min rather than zo). Values for Cpmin were incrementally varied
from a low of 0.002 to a high of 0.006. A summary of hydrodynamic model parameters is
presented in Table 1.

The National Oceanic and Atmospheric Administration (NOAA) Sandy Hook tide gage
(Station 8531680) is located within the model domain. Water surface elevations and water
temperatures are routinely measured at this station. Current velocities, water surface
elevations, water temperatures, and salinity were also measured by an Acoustic Doppler
Current Profiler (ADCP) and other instruments deployed at a point near the south end of
the proposed pipeline during July and August, 2009. Data from these two sources were
compared to model outputs to determine if the hydrodynamic model calibration was
reasonable. Graphical comparisons of agreement between model results and field
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measurements indicate that a Comin value of 0.003 and a zo value of 0.4 mm successfully
reproduce salient characteristics of hydrodynamic conditions (e.g. amplitude and timing
of tides, velocities, etc.) at the Sandy Hook tide gage (Figure 2). Model results also
reproduced water temperatures at the Sandy Hook gage (Figure 3). Simulated water
temperatures tend to be 1-2 °C cooler than measured values. This difference is attributable
to uncertainty in water temperatures assigned along open ocean boundaries of the model.
However, such small temperature differences are not expected to affect sediment
transport simulations because water affected by construction will be at or near ambient
water temperatures (e.g., hydraulic jets will not be buoyant, mechanical dredging will not
alter temperatures, etc.).

Near the proposed pipeline route, model results reproduce ranges and patterns of
velocities measured at different water column depths as well as temperature and salinity
patterns (Figures 4-8). However, model results exhibit a consistent shift in the timing
between velocity peaks in the tidal cycle. These differences in timing may be attributable
to unresolved differences in the time zone in which data were reported. For example,
ADCP data were reported in Coordinated Universal Time (UTC) but may have been
recorded in Greenwich Mean Time (GMT). During summer months when daylight saving
time is in use, there is a one hour time difference between UTC and GMT. It should be
noted that differences in the timing of peak velocities during a tidal cycle does not impact
the model’s ability to simulate sediment transport for proposed pipeline installation
because potential impacts of trenching operations such as the extent of a plume are
influenced by the magnitudes tidal velocities rather than an absolute date or time of day.

Sediment transport parameters in the model were based on site-specific measurements of
grain size distributions and non-cohesive sediment erosion rate measurements reported in
peer-reviewed scientific literature. Grain size was measured in samples collected from the
seabed along the proposed pipeline route (Figure 9-10). Those data were used to
determine the number of particle size classes needed to represent sediment transport in
the model as well as mean diameters for each particle class. Erosion rate measurements
for non-cohesive sediments are summarized by Roberts et al. (1998) and are specifically
designed to provide data in the form needed for the SEDZL] sediment transport module
integrated within the ECOM framework. Sediment specific gravity was assumed to be
2,650 kg/m3, representative of quartz particles. Dry bulk density was assumed to be 1,495
kg/m3, corresponding to a sediment bed porosity of 0.44. All remaining sediment
transport parameters in the model (e.g. critical shear stresses for erosion and suspension,
settling velocities, etc.) are defined based on particle diameter. A total of five particle size
classes were defined. Particle diameters for these size classes range from 0.031 mm (silt) to
2.25 mm (very fine gravel), with the bulk of all particles being 0.078 mm (very fine sand).
Critical shear stresses for erosion (7.) were calculated using Equation (2-14). Critical shear
stresses for suspension (7s) were calculated using Equation (2-18). Quiescent setting
velocities (wsq) were calculated using Equation (2-20). A summary of sediment transport
parameters is presented in Table 2.
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3.3. MODEL APPLICATION FOR PIPELINE INSTALLATION

The submarine portion of the proposed pipeline is 1.95 miles (3,138 meters) long. In the
model, the pipeline extends along 30 model grid cells (i.e., a portion of the pipeline is in
each of 30 cells). The calibrated model was used to perform a series of simulations to
evaluate potential impacts of pipeline construction. These simulations examine sediment
releases from construction activities that include:

(1) hydraulic jetting of sediments along the pipeline route (jet sled) for “worst case”
conditions;

(2) hydraulic jetting of sediments along the pipeline route (jet sled) for “typical”
conditions;

(3) mechanical plowing of sediments along the pipeline route (mechanical plow) for
“worst case” conditions;

(4) mechanical plowing of sediments along the pipeline route (mechanical plow) for
“typical” conditions;

(5) mechanical (clamshell) dredging of sediments along the pipeline route;

(6) hand jetting of sediments at the site where the existing main will be tapped to
connect to submarine portion of the lateral;

(7) mechanical (clamshell) dredging at the site of a pit where the submarine portion of
the pipeline will connect to pipeline sections that will be installed by horizontal
directional drilling (HDD).

3.3.1. General Description of Model Set-up

To simplify model set-up, sediment releases from construction activities were simulated
as point sources to the water column. When simulating trenching with a jet sled, sediment
is uniformly released into the bottom three layers of the water column (i.e., between the
sediment-water interface and a height of approximately 3 meters above the bed) with
releases occurring into each model grid cell where trenching occurs. When simulating
trenching with a mechanical plow, sediment is released into the bottom-most layer of the
water column with releases into each cell where trenching occurs. When simulating hand
jetting of sediments at the hot tap site, sediment is released into the bottom-most layer of
the water column with the release occurring into a single model cell at the seaward end of
the pipeline. When simulating mechanical dredging at the HDD pit site, sediment is
released into the bottom three layers of the water column with the release occurring into a
single cell at the shoreward end of the pipeline. In all cases, the grain size distribution of
sediments released by construction was assumed to equal the distribution of sediment in
the bed along the pipeline route (see Figure 9).

The model was set up so that sediments from point sources representing construction
were the only transportable source of sediment to distinguish sediments released during
construction activities from ambient sources. Using this approach, simulated sediment
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concentrations represent levels above ambient conditions. To interpret model results,
simulated solids concentrations must be added to representative ambient solids
concentrations. Measurements collected in support of pipeline permitting efforts during
Fall 2010 indicate that ambient total suspended solids (TSS) levels along the proposed
pipeline route averaged approximately 6 mg/L and ranged from 1.4 to 18 mg/L. Ambient
turbidity at those TSS levels averaged 2.2 NTU and ranged from 0 to 9.4 NTU. For
reference, those water column TSS and turbidity data are summarized in Table 3.

HDD pit construction and hand trenching at the hot tap site are scheduled to begin in a
February to early March timeframe. Trenching is scheduled to begin in an early May
timeframe. Because differences in tidal and meteorological conditions can affect currents
over time, statistical analyses were performed to select representative conditions during
construction. As part of modeling efforts completed for USEPA, a catalog of annual
hydrodynamic simulations exists for the sixteen year period 1995-2010. Probability
distributions of the volume flux (“flow”) of water moving through the pipeline area in
March and May of each year were compiled and graphically compared to the average
condition for all 16 years. Conditions for March and May, 2010 were close to 16-year
averages for those months and judged to be representative of hydrodynamic conditions
during proposed construction periods (Figures 11-12). For simplicity, model initial and
boundary conditions (e.g. starting water temperatures, water surface levels at open ocean
boundaries, etc.) for HDD pit dredging and hand jetting at the hot tap site reflect March,
2010 conditions. For trenching, model initial and boundary conditions reflect May, 2010
conditions.

Simulations were performed for each type of construction activity. The model was run for
10 days for trenching, hot tap hand jetting, and HDD pit dredging scenarios, with
construction releases beginning 24 hours after simulation start. The model was run for 35
days for the trench mechanical dredging scenario, with construction releases beginning 24
hours after simulation start, to account for its longer construction period. Water column
results for each simulation were graphically summarized to present suspended solids
concentrations and the spatial extent of plumes generated during construction for six
timeframes:

e Just after the start of construction (~0% completion)

e 25% completion

¢ 50% completion

¢ 75% completion

¢ Just before the end of construction (~100% completion)
¢ 4 hours following the end of construction

Maximum suspended solids concentrations simulated in each water column (sigma) layer
of the model were also graphically summarized to illustrate vertical distributions of solids
released during construction. Sediment bed results were also graphically summarized to
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present spatial distributions and depths (thickness) of sediment accumulation on the
seabed following the end of construction. Note that the Rockaway reef area and locations
of sonar targets are shown in white on all figures. Remaining scenario-specific details of
sediment releases for each simulation are described below.

3.3.2. Trenching: Hydraulic Jetting “Worst Case” Conditions

Trenching is assumed to occur by means of a hydro-plow (“jet sled”) that uses jets of
water to displace sediments from the trench. Sediment releases during trenching were
simulated as a point source to the bottom three layers of the water column (i.e. sediment
is uniformly released into water between the sediment-water interface and a height
approximately 3 meters above the bed). Releases occur in sequence into each of the 30
model grid cells, representing jet sled movement along the pipeline route. In this scenario,
the trench has a length of 3,138 m (1.95 miles), a maximum depth of 2 m (6.5 ft), and a
cross-sectional area of approximately 22.5 m? (243 ft?). This scenario assumes that
sediment from the entire disturbed footprint and along trench sidewalls will be jetted and
displaced. Total sediment volume released during trenching equals approximately 78,600
m? (102,800 yd?). This represents “worst case” conditions because sediment volume
released equals 100% of all sediment from the maximum disturbed footprint (which
includes an additional 10% contingency) and exceeds the sediment volume that would be
displaced during trenching to construct the pipeline.

The duration (i.e. time) and rate (i.e. mass per time) of sediment releases to the water
column are directly related to the rate of trenching. The duration of trenching is equal to
trench length divided by trenching rate. For this set of “worst case” conditions, three
trenching rate cases were simulated: (i) 366 meters per hour (1,200 feet per hour); (ii) 183
meters per hour (600 feet per hour); and (iii) 122 meters per hour (400 feet per hour). In all
cases, the jet for trenching was assumed to discharge at a rate of 70 liters per minute (18.5
gallons per minute). A summary of trenching rates, durations, and other sediment release
characteristics is presented in Table 4. Water column and sediment bed results for the 366
m/hr (1,200 ft/hr) trenching rate scenario are presented in Figures 13-21. Results for the
183 m/hr (600 ft/hr) scenario are presented in Figures 22-30. Results for the 122 m/hr (400
ft/hr) scenario are presented in Figures 31-39. In all cases, suspended solids concentrations
are presented for the bottom layer of the water column, which is the depth where
maximum concentrations occur. Simulated suspended solids concentrations for the
surface layer of the water column for each trenching rate case are presented in Appendix
B.

3.3.3. Trenching: Hydraulic Jetting “Typical” Conditions

Trenching is assumed to occur by means of a jet sled that uses jets of water to displace
sediments from the trench. Sediment releases during trenching were simulated as a point
source to the bottom three layers of the water column. Releases occur in sequence into
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each of the 30 model grid cells where trenching occurs, representing jet sled movement
along the pipeline route. In this scenario, the trench has a length of 3,138 m (1.95 miles), a
depth of 2 m (6.5 ft), and a cross-sectional area of approximately 15.1 m? (162 ft?). This
scenario assumes trench sidewalls will be allowed to fall into the trench and reach stable
side slopes and partially bury the pipeline. Total sediment volume released during
trenching equals approximately 47,400 m3 (62,000 yd?®). This represents more “typical”
conditions because the sediment volume released more closely approximates the jet sled
footprint. However, it is still an “upper bound” for jetting because it assumes the volume
associated with the jet sled footprint exceeds the footprint needed to construct the
pipeline (which includes an additional 10% contingency) and also assumes that 100% of
jetted sediment is released into the water column.

For this “typical” case, a 183 meter per hour (600 feet per hour) trenching rate was
simulated. The jet for trenching was assumed to discharge at a rate of 70 liters per minute
(18.5 gallons per minute). A summary of trenching rates, durations, and other sediment
release characteristics is presented in Table 4. Water column and sediment bed results for
this 183 m/hr (600 ft/hr), “typical case” hydraulic jetting scenario are presented in Figures
40-48. Suspended solids concentrations are presented for the bottom layer of the water
column, which is the depth level where maximum concentrations occur. Simulated
suspended solids concentrations for the surface layer of the water column for this
“typical” hydraulic jetting case are presented in Appendix C.

3.3.4. Trenching: Mechanical Plowing “Worst Case”
Conditions

Trenching is assumed to occur by means of a mechanical plow that is pulled through the
bed to displace sediments from the trench. Sediment releases during plowing were
simulated as a point source to the bottom layer of the water column. Releases occur in
sequence into each of the 30 model grid cells where trenching occurs, representing plow
movement along the pipeline route. In this scenario, the trench has a length of 3,138 m
(1.95 miles), a maximum depth of 2 m (6.5 ft), and a cross-sectional area of approximately
8.9 m? (96 ft?). This scenario assumes that sediment along trench sidewalls will be
disturbed until the sides are stable. Total sediment volume disturbed by plowing equals
approximately 27,900 m? (36,500 yd?®) and the scenario assumes that 20% of this material,
5,580 m? (7,300 yd?), is released into the water column, with the remainder falling back
into the trench and partially burying the pipeline. This represents “worst case” conditions
because the sediment volume displaced during trenching exceeds the minimum footprint
needed to construct the pipeline (plus an additional 10% contingency) and includes
material along trench sidewalls.

For this “worst” case, a 183 meter per hour (600 feet per hour) trenching rate was
simulated. A summary of trenching rates, durations, and other sediment release
characteristics is presented in Table 4. Water column and sediment bed results for this 183
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m/hr (600 ft/hr), “typical case” hydraulic jetting scenario are presented in Figures 49-57.
Suspended solids concentrations are presented for the bottom layer of the water column,
which is the depth level where maximum concentrations occur. Simulated suspended
solids concentrations for the surface layer of the water column for this “typical” hydraulic
jetting case are presented in Appendix D.

3.3.5. Trenching: Mechanical Plowing “Typical”’ Conditions

Trenching is assumed to occur by means of a mechanical plow that is pulled through the
bed to displace sediments from the trench. Sediment releases during plowing were
simulated as a point source to the bottom layer of the water column. Releases occur in
sequence into each of the 30 model grid cells where trenching occurs, representing plow
movement along the pipeline route. In this scenario, the trench has a length of 3,138 m
(1.95 miles), a maximum depth of 2 m (6.5 ft), and a cross-sectional area of approximately
8.9 m? (96 ft?). This scenario assumes that sediment along trench sidewalls will be
disturbed until the sides are stable. Total sediment volume disturbed by plowing equals
approximately 27,900 m? (36,500 yd?®) (which includes an additional 10% contingency) and
the scenario assumes that 15% of this material, 4,190 m?® (5,475 yd?), is released into the
water column, with the remainder falling back into the trench and partially burying the
pipeline. This represents more “typical” conditions because the sediment volume
displaced during trenching more closely approximates the footprint needed to construct
the pipeline.

For this “typical” case, a 183 meter per hour (600 feet per hour) trenching rate was
simulated. A summary of trenching rates, durations, and other sediment release
characteristics is presented in Table 4. Water column and sediment bed results for this 183
m/hr (600 ft/hr), “typical case” hydraulic jetting scenario are presented in Figures 58-66.
Suspended solids concentrations are presented for the bottom layer of the water column,
which is the depth level where maximum concentrations occur. Simulated suspended
solids concentrations for the surface layer of the water column for this “typical” hydraulic
jetting case are presented in Appendix E.

3.3.6. Trenching: Mechanical (Clamshell) Dredging

Trenching is assumed to occur by means of a mechanical, clamshell dredge to displace
sediments from the trench. Dredged sediments will be lifted a short distance above the
bed surface and then sidecast. Sediment releases during dredging were simulated as a
point source to the bottom three layers of the water column. Releases occur in sequence
into each of the 30 model grid cells where trenching occurs, representing dredge
movement along the pipeline route. In this scenario, the trench has a length of 3,138 m
(1.95 miles), a maximum depth of 2 m (6.5 ft), and a cross-sectional area of approximately
14.7 m? (158 ft?). This scenario assumes that sediment along trench sidewalls will be
disturbed until the sides are stable. Dredging is assumed to occur over a 746 hour period,
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at a rate of 30 cycles per hour with a clamshell bucket capacity of 3 yd? per cycle. This is
equivalent to a linear trenching rate of 4.2 m/hr (13.8 feet/hour). Total sediment volume
disturbed by dredging equals approximately 51,300 m? (67,100 yd®) (which includes an
additional 10% contingency). The scenario assumes that 100% of this material is released
into the water column, with 5% of the release occurring in each of the bottom two water
column layers (representing sediment disturbance and loss from the clamshell during
lifting), and 90% into the third layer above the bed (representing sidecasting).

A summary of trenching rates, durations, and other sediment release characteristics is
presented in Table 4. Water column and sediment bed results for this trench dredging
scenario are presented in Figures 67-75. Suspended solids concentrations are presented for
the bottom layer of the water column, which is the depth level where maximum
concentrations occur. Simulated suspended solids concentrations for the surface layer of
the water column for this trench dredging case are presented in Appendix F.

3.3.7. Hand Jetting at Hot Tap Site

This construction activity is assumed to occur by means of diver-guided hydraulic
(“hand”) jets to displace sediments from the hot tap location. Sediment releases during
jetting were simulated as a point source to the bottom layer of the water column. Releases
occur in a single model grid cell at the seaward end of the pipeline where the lateral will
be joined to the existing main. In this scenario, jetting occurs in four eight-hour pulses,
with 16 hours between each pulse. Each pulse releases 5,960 m? (7,800 yd®) from the hot
tap site to clear sediments away from the existing main and construct the manifold, tap
the main, and connect the new lateral. Total sediment volume displaced by hand jetting
equals approximately 23,850 m? (31,200 yd®) and the scenario assumes that 100% of this
material is released into the water column.

A summary of jetting rates, durations, and other sediment release characteristics is
presented in Table 4. Water column and sediment bed results for this hand jetting
scenario are presented in Figures 76-84. Suspended solids concentrations are presented for
the bottom layer of the water column, which is the depth level where maximum
concentrations occur. Simulated suspended solids concentrations for the surface layer of
the water column for this hand jetting case are presented in Appendix G.

3.3.8. Mechanical (Clamshell) Dredging from the HDD Pit

This construction activity is assumed to occur by means of mechanical, clamshell
dredging to displace sediments from a pit that will be constructed to hold cuttings and
drilling muds at the HDD exit site. Dredged sediments will be lifted a short distance
above the bed surface and then sidecast. Sediment releases during dredging were
simulated as a point source to the bottom three layers of the water column. Releases occur
in a single model grid cell at the shoreward end of the pipeline where the lateral will be
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joined to the pipeline segment constructed from shore. In this scenario, dredging is
assumed to occur over a 170 hour period, at a rate of 30 cycles per hour with a clamshell
bucket capacity of 3 yd? per cycle. Total sediment volume displaced by dredging equals
approximately 11,700 m? (15,300 yd?®). The scenario assumes that 100% of this material is
released into the water column, with 5% of the release occurring in each of the bottom two
water column layers (representing sediment disturbance and loss from the clamshell
during lifting), and 90% into the third layer above the bed (representing sidecasting).

A summary of dredging rates, durations, and other sediment release characteristics is
presented in Table 4. Water column and sediment bed results for this dredging scenario
are presented in Figures 85-93. Suspended solids concentrations are presented for the
bottom layer of the water column, which is the depth level where maximum
concentrations occur. Simulated suspended solids concentrations for the surface layer of
the water column for this mechanical dredging case are presented in Appendix H.

3.4. ANTICIPATED RATE OF TRENCH INFILL BY AMBIENT SEDIMENT
TRANSPORT PROCESSES

Previous modeling studies of the New York Bight area have estimated long-term average
net deposition of solids to be approximately 0.25 cm/year (HQI, 1999a-f, HQI, 2002). Other
studies of sediment disposal sites suggest that sediment transport and dispersion rates in
the area vary in response to combined effects of tidal currents and surface waves (Clarke
et al. 1982, 1983). Analysis of site-specific ADCP velocity and sediment grain size data
suggest that rates of trench infill by sediment transport from currents that occur along the
pipeline route is expected to be relatively slow. However, surface waves can induce
oscillatory near-bed currents with boundary shear stresses that exceed critical shear
stresses for sediment erosion. The potential magnitude of wave-induced sediment
transport for trench infilling was assessed using oceanographic data for a 40-m deep site
located approximately 2.8 miles offshore Rockaway Beach, NY (42.52343° N, 73.86120° W)
as detailed in a report prepared by A.H. Glenn and Associates Services (2011).

3.41. Method to Calculate Sediment Transport by Wave
Action

Wave characteristics and their potential for sediment transport change as waves progress
from deeper to shallower water. Fenton (1988, 2012) describes an approach to determine
wave characteristics by approximating the nonlinear equations for surface-gravity waves
with a Fourier series. This method is advantageous because it is applicable to deep-,
intermediate-, and shallow-water waves of nearly any wave height that is less than the
wave-breaking limit. The FOURIER software package (Fenton, 2012) was used to solve
wave equations to estimate wave velocities, shear stresses, and net sediment transport as
bedload. These calculations are summarized as follows:
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For water depth (h) and wave period (Tw), use FOURIER program to determine
wavelength (L) and horizontal orbital velocity near the seabed (U ) under the wave

crest (U ) and trough (Uw trough ) :

w crest

U = +\/%ij3j cos| jk(x—ct)] (3-1)

where:

" cosh( jkh)

27

k=== 3-2
P (3-2)
2r

o =—— 3'3
T (3-3)
1)

c=— 3-4
k (3-4)

h = water depth [L]

Tw = wave period [T]

u = mean Eulerian current in direction of wave propagation

(conservatively assumed to be zero for these calculations) [L T-']

g = acceleration of gravity =9.81 m/s [L T-?]

j = index for terms in Fourier series

B = j™» coefficient of Fourier series (solved by FOURIER software package)
x = position (of crest or trough) in the direction of wave propagation [L]

t = time [T]

A = wavelength [L]

k = wave number [L]

w = wave angular frequency [T"]

c = wave celerity [L T]

2. Determine rough-bed and smooth-bed wave friction factors under wave crest

and trough (f

w,

(7.

smoot}

.

rough )crest

Y . )tmgh and select the larger (maximum) of the

in each case:

W,MaX s, f W,MaXo0hh )

two factors ( f
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U -0.52 U —-0.52
fwmu . — 1 39 _ Wcrest fwmu ) — 139 wtrough (3_5)
Og ’ WZog
Wsmooth = BR;CI:;! fwsmuoth = BR‘;:‘:lgh (3-6)

- Uj}"""” /COV Wf ugh - U"zvt ugh /a)V (3_7)

d
20, =5 (3-9)

where:

R, = wave Reynolds number (for crest or trough) [dimensionless]
% = kinematic viscosity [L? T-]
B = empirical coefficient (: 2 forR,<5x10°; =0.0521 for R, > 5x 105)
N = empirical coefficient (: 0.5 for R, <5x10°; =0.187 for R, > 5x 105)
z05 = grain roughness height [L]
dso = mean diameter of particles in sediment bed (= 0.078 mm) [L]

3. Calculate maximum wave shear stress (7 ) under crest (7, ) and trough (7, )

_ 2 _ 2

TWUmI - O'SPfW’max CVEStUch’sI TW!»‘augh - O.Spfw’max U’ngh UW!»‘augh (3-7)
where:

T, = wave shear stress (for crest or trough) [M L T-?]

p = fluid density (= 1025 kg/m? for seawater) [M L]
4. Calculate wave Shields parameter (QW )under crest (HWM )and trough (ku_ough ):

9 pTWcresz 0 pTWIrough (3 8)

Werest gi Gp _ 1 i;so Wtrough gi Gp _ 1 i;so

where:
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Ow
Gy

wave Shields parameter for erosion [dimensionless]

sediment particle specific gravity = 2.65 [dimensionless]

5. Determine critical Shields parameter for erosion of noncohesive sediment:

= 039 g 0ssfi—e 00 ] (3-9)
1+1.2d.
-1/3
G, -1
d, = ds{(”—z)g} (3-10)
1%
where:

O = critical Shields parameter for erosion [dimensionless]
d = dimensionless particle diameter [dimensionless]

6. If the Shields parameter under the wave crest exceeds the critical Shields parameter
for erosion, calculate the half-cycle unit bedload transport rate in the direction of wave

propagation:
G =510, ~0,)*2(G, - 1), for O >0 (1)
where:
Gperee =  half-cycle unit bedload transport rate under wave crest [L2 T-]

7. 1If the dimensionless Shields parameter under the wave trough exceeds the critical
Shields parameter for erosion, then calculate the half-cycle bedload transport in the
direction opposite to wave propagation:

qbtrough = 5 l(ewtrough - ecr ).5 \) g(Gp - 1)d503 fOT" ewtrgugh > ecr (3_12)

where:

Dopoun =  half-cycle unit bedload transport rate under wave trough [L> T7]

8. Calculate net unit bedload transport in direction of wave propagation:
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qbnet = qb crest qbtrough (3-13)
where:

4y, =  netunitbedload transport rate [L2 T-!]

9. Calculate net volumetric bedload transport rate:

anet = qbnetLtrench (3-14)
where:

Oy = net volumetric bedload transport rate [L3 T-]

Loencn = projected trench length normal to direction of wave propagation [L]

The trench infill rate is calculated by multiplying the net volumetric bedload transport
rate (i.e., the particle volume entering the trench over time, with fundamental dimensions
of [L3? T"']) by particle density (i.e., particle mass per particle volume) and then expressed
in terms of in-situ volume by dividing by sediment bulk density (i.e., particle mass per
total volume of particles and pore space in the bed). In this case, particle density is 2,650
kg/m? and sediment bulk density is 1,495 kg/m3.

3.4.2. Sediment Transport for Annual Wave Event Conditions

On an annual basis, in 40-ft deep water, significant wave heights in the range of 4.0-5.9
feet occurred 12.5% of the time, and significant wave heights in the range of 6.0-7.9 feet
occurred 5.7% of the time (A.H. Glenn and Associates Services, 2011). As a broad average,
a significant wave height of 6 ft occurs approximately 18% of this time (i.e., 66 days per
year). Waves larger than this have a greater sediment transport potential but occur much
less frequently. Conversely, waves smaller than this are more frequent but have a much
lower potential to transport sediment.

A significant wave height of 6.0 ft, was used to estimate sediment transport for annual
wave conditions. The A.H. Glenn and Associates Services (2011) wave report did not
provide the wave periods corresponding to these wave heights, so a value of 12 seconds
was selected. A 12 second wave period was judged to be characteristic of long-period
coastal waves based on the A.H. Glenn and Associates Services (2011) wave report. At the
seaward end of the pipeline, where water depths are approximately 10-15 m (32-49 ft), the
net unit bedload transport rate is estimated to be 0.39 m?*/day. Assuming that the project
pipeline length normal (i.e. perpendicular) to the direction of wave propagation is
approximately 800 m (2640 ft; 0.5 miles), the annual rate of trench infill by wave-induced
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bedload would be approximately 36,500 m®/year (47,800 yd®/year). At the shoreward end
of the pipeline, where water depths are approximately 5-10 m (16-32 ft), the net unit
bedload transport rate is estimated to be 2.8 m?/day. This corresponds to an infill rate of
approximately 262,400 m®/year (343,100 yd?®/year). These estimated infill rates suggest that
annual wave events could transport appreciable amounts of sediment back into the trench
but that the seaward end of the pipeline could require several years for annual wind-
driven sediment transport event to return the trench to its original grade.

3.4.3. Sediment Transport for a 5-Year Wave Event Conditions

Storms that generate larger waves are expected to generate greater sediment transport
rates. However, large storms are also associated with storm surges where water levels
increase. For a five-year wave event, the still-water depth was estimated to be 50.5 ft (i.e.
40 ft base depth plus an additional 10.5 ft storm surge) with a significant wave height of
23.7 ft and a wave period of 11.3 seconds (A.H. Glenn and Associates Services, 2011).
These wave characteristics represent conditions that cause the greatest forces normal to
pipeline route (A.H. Glenn and Associates Services, 2011), indicating that bedload
transport would occur over the entire length of the trench. For these conditions, the net
unit bedload transport rate is estimated to be approximately 13.1 m?/day. The duration of
the 5-year wave event was not specified in the A.H. Glenn and Associates Services (2011)
wave report. As a conservative approximation, this 5-year event was assumed to occur
over an eight hour period. With this short duration, the unit bedload transport rate
corresponds to trench infill of 24,300 m3 (31,800 yd?). If the 5-year wave event had a 24-
hour duration, trench infill would be three times greater. These values are representative
of conditions for the seaward end of the trench. Infill rates for the shoreward end of the
trench would be greater.
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4. INTERPRETATION OF SEDIMENT TRANSPORT
SIMULATION RESULTS

Sediment transport simulation results for each sediment release scenario provide a means
to assess potential impacts of pipeline construction on the water column and sediment
bed. The “worst case” jet trenching scenarios are illustrative because the total mass of
sediment released to the water column is identical for each trenching rate case. Simulated
suspended solids plumes and patterns of deposition differ between each case as a
function of trenching rate, which controls construction duration and the rate of sediment
release.

As trenching rates increase, the time over which a plume exists is shorter because
construction duration is shorter. For the 366 m/hr (1,200 ft/hr) jet trenching case,
construction duration is roughly 9 hours and is completed is less than one tidal cycle.
However, plume extent is larger because the sediment mass released per unit time is
larger and higher concentrations of suspended solids occur at greater distances from the
trench. During peak tidal currents, water column bottom layer solids concentrations in the
range of 50-100 mg/L can occur at distances of 4 kilometers (2.5 miles) from the trench.
The water column plume dissipates within 4 hours following the end of construction.
Including time for construction, a plume would occur over a 13-hour period. Solids
deposition to the sediment bed greater than 0.3 cm (~0.1 inches) occurs in a roughly 630
meter (~0.4 mile) corridor adjacent to the trench. However, deposition is largely limited to
one side (the west side) of the trench as controlled by tidal flows that occur in a single
tidal cycle. It should be noted that sediment deposition on the west side of the trench is a
reflection of conditions where tidal currents begin moving from east to west during the
construction period. If construction were timed to occur when tidal currents were moving
from west to east, sediment deposition would occur on the east side of the trench.

As trenching rates decrease, the time a water column plume exists is longer because
construction duration is longer. For the 122 m/hr (400 ft/hr) jet trenching case,
construction duration is roughly 26 hours and occurs over two tidal cycles. Plume extent
is smaller because the sediment mass released per unit time is smaller. High suspended
solids concentrations only occur at shorter distances from the trenching. During peak tidal
currents, water column bottom layer solids concentrations in the range of 50-100 mg/L
occurred at distances of 1.7 kilometers (~1.1 mile) from the trench. The water column
plume dissipates within 4 hours following the end of construction. Including time for
construction, a plume would occur over a 30 hour period for this case. Solids deposition
to the sediment bed greater than 0.3 cm (~0.1 inches) occurs in a roughly 750 meter (~0.5
mile) corridor adjacent to the trench. However, deposition occurs on both sides of the
trench in a sinusoidal pattern as controlled by the flood and ebb of tidal currents over
roughly two tidal cycles.
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Plume extent and sediment deposition patterns for the 183 m/hr (600 ft/hr) jet trenching
case are intermediate between the other cases. Construction duration is just over 17 hours.
During peak tidal currents, water column bottom layer solids concentrations in the range
of 50-100 mg/L can occur at distances of 2.7 kilometers (1.7 miles) from the trenching site.
As with the other two cases, the water column plume dissipates within 4 hours following
the end of construction. Including time for construction, a plume would occur over a 21
hour period. Sediment deposition greater than 0.3 cm (~0.1 inches) occurs in a roughly 720
meter (~0.45 mile) corridor on both sides of the trench in a sinusoidal pattern as controlled
by changing tidal currents over time. However, deposition patterns are less sinuous than
occur for the 122 m/hr scenario because construction is completed in less two tidal cycles.

Plume extent and sediment deposition patterns for more typical jetting and both
mechanical plowing scenarios exhibit patterns similar to the “worst case” jetting cases.
However, the magnitude of plume suspended solids levels and as well as the depth of
sediment accumulation on the bed are reduced because the total mass of sediment
released during construction for these cases is reduced. Spatial extents of plumes and
areas of sediment accumulation are also reduced. Those reductions occur in proportion to
total sediment release. Water column plumes for these scenarios dissipate within 4 hours
following the end of construction.

Trench construction by mechanical (clamshell) dredging differs from any jetting or
plowing case. In this case, construction occurs over a period of just over 31 days. Near bed
suspended solids concentrati